Biological control of soil-borne plant pathogens by antagonists has gained widespread acceptance as a potential tool in optimizing agricultural productivity. As with many ecology-based ideals, however, few succeessful applications in the field have been reported. This is in part due to the complexity of factors regulating interactions among plants, pathogens, and antagonists (8) .
Sugar beets (Beta vulgaris L.) are cultivated in irrigated fields in the western United States. Crop rotation is often practiced, in part to reduce devastating losses to crown rot, a disease caused by Rhizoctonia solani Kuhn (11) . We have previously observed that crown rot causes up to 60% plant mortality and serious yield decline in some fields (Allen, Boosalis, and Kerr, unpublished data). Thus, practices that promote control of this disease could enhance yields substantially.
We initiated a series of experiments to test for long-term biological control of R. solani. Our approach was to apply artificially an inoculum of a natural antagonist to an infested field to determine if a new pathogen-antagonist population equilibrium at a lowered pathogen density would result. As an early step toward this goal, we inoculated a sugar beet field with the hyperparasite Laetisaria arvalis Burdsall (previously reported as Corticium sp. [9] ) present initially in low densities. This fungus was originally isolated from western Nebraska sugar beet fields (4) and caused reduction of R. solani populations in greenhouse experiments (9) . We then observed population levels of the two fungi and potential alterations in disease. 
MATERIALS AND METHODS
The study site was a flood-irrigated sugar beet field that had been in corn-beet rotation for a number of years. The field was located 5 (14) . Percentages were transformed by arc-sine transformations to normalize data.
Variance-to-mean (s2/x) ratios were used to determine dispersion patterns; an s2/& of <1 indicates a regular dispersion, 1 indicates a random dispersion, and >1 indicates a clumped dispersion pattern. RESULTS Fungal populations estimated by the beet seed assay and soil dilution plating methods were contrasted with percentage of beets showing crown rot in August 1980 before field plot establishment. Spearman's rank correlation test showed no correlation between populations of R. solani as measured by dilution plating versus beet seed assay (r, = 0.01). Also, no correlation was found between the dilution plate count of R. solani and plant survival (r, = 0.36). R. solani populations estimated by the beet seed assay, however, showed a significant negative correlation (r, = -0.60) with plant survival. Thus, subsequent estimates of populations capable of causing infections were made by using the beet seed assay.
The field-applied treatments influenced populations of the two fungi only at certain times of the year. The sugar beet pulp had no effect on either organism (Fig. 1 to 3 ), but R. solani was significantly influenced in February and March 1981 by application of L. arvalis (Fig. 1) . Application of the nematicide had no significant influence on R. solani (Fig. 2) . L. arvalis populations were unaffected by the nematicide or pulp treatments but did respond to field inoculation (Fig. 3) , especially in February, March, and May.
There were no differences in seedling emergence (x = 146) or survival to thinning. Thereafter, mean beet survival declined in all treatments to 15 to 40% of the plants remaining (not significantly different among treatments).
R. solani and L. arvalis populations were negatively correlated: without the nematicide, r = -0.46; with the nematicide, r = -0.35 (both significant at a confidence level of -0.99). Upon application and subsequent increases in L. arvalis, R. solani declined rapidly. When R. solani populations declined below the 40% seed colonization level, however, L. arvalis populations also declined, and R. solani populations climbed to the pretreatment level equal to control populations. Thus, in control plots and plots with nematicide only, a stable equilibrium was observed (Fig. 4) . With applications of L. arvalis inoculum, the populations were shifted significantly for a short time but rapidly returned to the previous equilibrium. Variance-to-mean ratios suggested that the dispersion patterns of the fungi generally ranged from regular to random: R. solani ranged from 0.35 to 1.98, and L. arvalis (except for February and March) ranged from 0.55 to 1.51 (Table 1) . Patterning of L. arvalis was in clumps in February and March because of high densities in the inoculated plots (s2IX = 4.19 in February and 14.56 in March). The s2/ ratios of surviving plants after thinning ranged from 6.30 to 9.96, indicating that sugar beet plants were lost to crown rot in clumps.
DISCUSSION
Understanding the potential use of an antagonist for biological control of a disease depends on the answers to a series of questions regarding the interactions of the host (crop), pathogen, and the antagonist. (i) Are the population interactions density dependent? (ii) Is there a natural equilibrium, and how stable is it? (iii) Can the populations be altered to the needed levels? (iv) What is the dispersion pattern of the three species? (v) What are the environmental factors influencing the organisms and their interactions? If the pathogen-antagonist-host population interactions are density dependent, and if the equilibrium found in control plots can be readily manipulated, mere addition of an antagonist such as a hyperparasite might initiate some degree of biological control. The level to which a parasite population must be reduced for disease control, however, appears to be very low. Beddington et al. (3) proposed that the equilibrium depression (q) could be described as a function of the carrying capacity (K) and the new equilibrium after addition of the antagonist (*N) where q = *NIK. Numerous studies have suggested that, in arthropod predator-prey systems, q must be c0.025 for biological control to be effective (7) .
Dispersion patterns and environmental constraints also can affect the possibility for biological control. If the mass of propagules of the antagonist are not found in conjunction with the desired pest (6) or both have patchy dispersion patterns (7) , such reductions in populations necessary to effect control may be impossible. Moreover, tillage, seasonality, nutrition, or other environmental factors may regulate populations more than their potenital interactions can (10) .
Our data provide some clues that may answer some of these questions. The population shifts of R. solani in response to added inoculum of L. arvalis plus the negative correlations between the two species suggest that their interactions are density dependent and, thus, may be amenable to the use of predator-prey models. We still know little, however, about the interactions between R. solani and sugar beets from these results. Laboratory studies (9) and the correlatvie data of 1980 suggest that the interaction is density dependent, but more work remains to be done.
The field experiments strongly indicate that there is a stable equilibrium between the two fungi. R. solani populations can be depressed, however, by the addition of L. The influence of dispersion patterns and environmental factors on biological control cannot be discerned from this study. Although the incidence of disease in the plants was dispersed in patches, at our scale of sampling the fungi were not. Uneven dispersal of the fungi would affect the ability of L. arvalis to find and attack R. solani (7) . Our scale of sampling may have been too coarse to detect the existence of fungal patches, as fungal dispersal patterns are often oriented around individual plants, not large homogeneous patches (1) . The patchy distribution of disease also could be due to a mixture of pathogenic and nonpathogenic genotypes of R. solani. The nematicide had only minimal effects on the populations, and recovery was rapid. A more recent study implies that seasonality (spring application) affected timing of peak populations but did not affect beet production (8a). Tillage probably also affected the responses by displacing both L. arvalis and R. solani from their normal soil surface dispersion. Soil mixing between plots due to the tillage or irrigation may have influenced plant survival. Analyses of adjacent, within-row, and between-row plots, and block comparison, however, should have shown these population mixes. No such patterns were found.
In general, these data suggest that the populations of the pathogen can be manipulated, possibly to a range wherein biological control is feasible. The data also show, however, that the populations of the two are in a stable equilibrium and that maintaining the lowered population of R. solani will require a much more comprehensive understanding of the environmental factors (including spatial and temporal responses) affecting the population interactions.
